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® Gel formulations containing growth factors. 


© Gel formulations containing polypeptide growth factors having human mitogenic or angiogenic activity are 
provided. The gel formulations are useful for topical or incisional wound healing for cutaneous wounds, in the 
anterior chamber of the eye and other ophthalmic wound healing. The gel formulations also comprise a water 
soluble, pharmaceutically or ophthalmically compatible polymeric material for providing viscosity within various 
ranges determined by the application of the gel. The gel formulations provide controlled release and increased 
contact time of the growth factor to the wound site, 
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GEL FORMULATIONS CONTAINING GROWTH FACTORS 


Background of the Invention 


Throughout this disclosure, various publications, patents and patent applications are referenced. The 
s disclosures of these publications, patents and applications in their entireties are hereby incorporated by 
reference into this disclosure in order to more fully describe the state of the art as known to those skilled 
therein as of the date of the invention described and claimed herein. 

The present invention relates to gel formulations containing polypeptide growth factors having human 
mitogenic or angiogenic activity, in particular, epidermal growth factor. 

10 The human polypeptide growth factors are molecules that regulate the growth of normal human cells. 
Many human polypeptide growth factors have been identified and their chemical structures determined. 
Those falling within this group are: epidermal growth factor (EGF), acidic and basic fibroblast growth factor 
(FGF), platelet derived growth factor (PDGF), transforming growth factor-a (TGF-a), transforming growth 
factor-0 (TGF-0), insulin-like growth factors (IGF-I and IGF-II), and nerve growth factor (NGF). Because of 
75 their ability to stimulate cell growth, the human polypeptide growth factors have been described as being 
useful in stimulating the wound healing process. 

One of the better characterized growth factors is epidermal growth factor. EGF is a 53 amino acid 
polypeptide growth factor that has mitogenic activity for a number of kinds of growth factor. EGF is a 53 
amino acid polypeptide growth factor that has mitogenic activity for a number of kinds of cells, includino 
20 epithelial and mesenchymal cells. Variants of The naturally occurring EGF molecule have been reported, 
such as the 52 amino acid gamma-urogastrone. EGF has also been reported to have angiogenic activity. 
Epidermal growth factor exhibits epidermal growth promoting activity and gastric acid secretion inhibiting 
activity, and is therefore useful as a medicament. Epidermal growth factor has been reported as being 
useful for increasing the rate of healing wounds such as burns and incisions. Heretofore, there has not been 
25 provided a suitable delivery system for epidermal growth factor, as well as any other growth factor, for use 
in treating wounds. In particular, it is desirable to have a delivery system that controls the release of the 
growth factor to the wound and adheres to or maintains itself on the wound for an extended period of time 
in order to increase the contact time of the the growth factor to the wound. The present invention provides 
such delivery systems in the form of gels containing growth factors. Biocomnatible gel materials may be 
30 used to deliver a growth factor to a wound andprovide the advantages of a controlled profile of delivery and 
a moist environment for the wound. 


Summary of the Invention 
35 

The present invention provides aqueous gel formulations or viscous solutions for the controlled delivery 
of growth factors to a wound site. The formulation will depend on the type of application that is desired. 
Three different applications are intended, namely gels for topical or incisional wound healing, gels for 
healing wounds in the anterior chamber of the eye and low viscosity, aqueous formulations for those 
40 applications requiring a more fluid formulation having a higher water content. 

An aqueous gel formulation for topical or incisional wound healing comprises an effective wound healing 
amount of a polypeptide growth factor having human mitogenic or angiogenic activity. Additionally, this 
formulation contains a water soluble, pharmaceutically acceptable polymeric material for providing viscosity 
within the range 1,000 to 12,000,000 cps at room temperature. An aqueous gel formulation for use in 
45 healing wounds in the anterior chamber of the eye comprises a water soluble ophthalmically compatible 
polymeric .material for providing viscosity within the range 10,000 to 100,000 cps at room temperature. A 
low viscosity, aqueous formulation comprises a water soluble, pharmaceutically or ophthalmically compati¬ 
ble polymeric material for providing Viscosity within the range 1 to 5,000 cps at room temperature. A 
preferred use for the low viscosity formulation is for ophthalmic wound healing. However, it may also be 
so used for other types of wound healing, especially when used to soak a bandage placed on the wound. 

The gel formulations of the present invention have the advantage of adhering to a wound and 
conforming to irregular body or wound contours. The gels may be applied directly to a wound site or in 
conjunction with a compliant porous or microporous substrate, for example in the form of a coating, to be 
applied to the wound site. Gels have the further advantages of having a high water content (which keeps the 
wound moist), the ability to absorb wound exudate, easy application to a wound and easy removal by 
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washing. Gels have a cool feeling when applied to a wound and thus can increase patient comfort and 
acceptance of the formulation, especially on senstive wounds. P com,ort and 

The gel formulations of the present invention also provide a controlled delivery system for qrowth 
factors on a wound Controlled delivery refers to drug release sufficient to main Jn a therapeuticTeTe" 
over an extended period of time, such as up to 24 hours or more, preferably in the range of 1 to 12 hours 
increased contact tune of growth factors, in particular EGF. at the would site has been reported to be 
necessary to achieve a significant increase in the rate of would healing. The present gel formulations 
increase the contact time of the growth factor at the wound site and provide a sustained^elease dosaqe 

Ten A" T P0Ttant 3dVanta9e b6CaUSe “ Permits less ,re ^ ent application of the formuJon to me 
LUphaJ’s 1 H XT °' "’ e " oun < 1 « s components. particularly a. me 
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Brief Description of the Figure 

Figure 1 depicts the percent release of EGF over time from gel formulations 
Pluromc F-127 and HPMC-E4M. 


containing Carbopol 940, 


20 wound dressing. 


2 , d ® piC ' S , ' Pepercer " ' elease °< EGF «*« «"» from polyacrylamide gel formulations, 
figure 3 depicts the percent release of EGF over time from a polyacrylamide/agar GeliparmTV, 
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Detailed Description of the Invention 

The aqueous gels of the present invention have different viscosities depending on the intended 

n. n a .r„o r 98 ■ v : scosi,v is a meas " ,e ° (,he »*>«■»* ^ 

earing stress to me rate of shearing. The shear stress is the resistance of the liquid to flow under the 

-ri P f P " 6 H f0r Z' , e "- thS m0leCU,ar res,stance within a bod V opposing an external force. The 

lamlrin h f 3 f i ratl ° ° f th ® f0rce to ,he area sheared - Wh en a liquid is sheared, assuming 

T layersp, * he liquid m0ve at dlfferent ra,es - ^ relative rate of motion of the layers is only 

sheer T '"w r a ° l***' h0 °' her is ,he dis,ance ' or clearance between the shearing planes. Thus 

dvnes/sec Ifr'S rt T° ** Vel ° C ' ,y ° f th0 961 *° th ® clearanca Viscosit V has the dimensions of 

avnes/sec p@r pm , ThOS0 Himoncmnc aro rofomarl ♦ « tu« __■ _ i 

w wo pwiou. mo utitioi istons Oi viscosity referred to 

T erW ' Se mdicatecL are in centipoise (cps) as measured using a Brookfield viscometer All 
viscosity values are at room temperature, e g. 22-25 C, unless otherwise indicated. 

The polypeptide growth factors referred to herein are those having human mitogenic or angiogenic 
activity selected from the group consisting of EGF. acidic FGF. basic-FGF PDGF TGF-a TGfT 
angiogemn, NGF. IGF-I. IGF-II or mixtures thereof. It is contemplated that biologically active fragments or 
c emically synthesized derivatives of these growth factors may be used instead of the entire naturallv 
occurring molecule. In addition to mitogenic activity. EGF. the FGFs. the TGF's and angiogenin are 
reported to have angiogenic activity. It is preferred that the growth factor be prepared by recombinant ONA 

actors suchlc ^.h ^ ,aC, ° r " d ° eS ° 0t indude the 80 called hematopoietic growth 

factors such as erythropoietin and the colony stimulating factors. y 

thereof t0 EGF haVi " 9 that polypeptide sequence or any substantial portion 

thereof set forth in Urdea. M.S. et al„ Proc. Natl. Acad. Sci. (USA) 80:7461-7465 (1983). Human EGF also 

re ers to any naturally occurring human EGF variant such as gamma-urogastrone. Epidermal growth factor 

or™ d P '? rmal 9r ° wth fa * or and th e other growth factors may be isolated from natural sources.' 
produced using recombinant DNA techniques or prepared by chemical synthesis. 

, rt . A . S USedin th 's application, EGF is intended to include the class of polypeptides that have bioloqical 

£;i b , v ,na na,urai Buman egf po,>pep “ a « 

QlfimtZ h ^ k u EGF recep bind,n9 assay described in U-S. Patent No. 4,717,717 and EP-A- 
bonds h W H bav ® certain conserved amino acid residues and common positioning of disulfide 
bonds as discussed by Carpenter et al. in "Epidermal Growth Factor, its receptor, and related proteins" 

feSr Ce " "ST* (,9ae > TlTO E0F ipp “« <"• P'olc« by r 8 c“bin“, ONA 

e „, a P | 0 ™ U “ EGF lsola,ea ,rom IBs submaxillary glands ol mice, rat EGF. and natural human 

rnn ", n ’ a> 69 <wm homa " u,lm - and bi °** a and related 

Lmr in K f y , 0f 1 he fore 9 om 9> including precursors that are transformed into active epidermal growth 
•actor in situ by proteolytic processing. 


3 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


a niriI2T7' 3 7 f m ' n0 aC ' d polypeptide is both mitogenic and has substantial sequence homoloqv to 
ep-dermal growth factor, and appears to bind to and activate a common tyrosine kinase receptor Because 

contemoteted^if? Tre*' m,t ° 9enic ac,lvi,y and 'ts substantial sequence homology with EGF. it is 
, ha TGF ' a may alS0 be use,ul in ,he 9 els oi the present invention Additionally, it is 
of the qresenn'nvBntion. 6 ' P ° lypeptKje 9rowth ,actor havin 9 mitogenic activity will also be useful in the gels 

h« W ° Und h6alin9 am ° Unt ° f 3 polypeptide 9 f owth factor for use in the present invention may 

. 8 K™ 9 ! ° f ab ° Ut 001 t0 about 1,000 microgram s/ml. It is preferred that the growth factor 
concentrat'on be about 1-500 micrograms/m. and more preferably 1-100 micrograms/m.. The gels of «£ 

”r°" ar0 f capable of sustaining the release of the polypeptide growth factor. It is desirable that 

definPd ^ , V h« V t eS ,h > ” th9 ran " °- 5 ' 6 ° h ° UrS ^ Tso in lhe ran 9® 2-12 hours. T 2S and T 50 are 

Uie dosaoe iorm and teSpective ^ ,or 25% and 50% of th ® growth factor to be released from 
the dosage form and be detected in a receiving buffer in an in vitro diffusion system. 

viscous S, i ,In^'?n, m t aterialS ° f the Pr6Sent invention may be wa,er soluble polymers capable of forming a 
viscous aqueous solution or non-water soluble, water swellable polymers (e.g. collagen) which can also 

cZYZT t : S °'t' S 7" able P0 ' ymerS ^ th0SS Which absorb dissolve Twater 

Ther!f7e rrlTi 5 f P< ^ 6eSCnhe6 herein may not be "*ter soluble but may be water swellable. 

refers to covalen 'lv hn 7™ , P °' ymerS are within the scope °< ‘he present invention. Cross-linking 

refers to covalently bonding polymer chains together with a bifunctional reagent such as glutaraldehyde 

Also, it is understood by those skilled in the art that certain polymers may have to be used in the salt form 

id«i nM Tf in ordsr ,o be mad9 wa,er so,ubie ' f » «■"’<*>■ h y a|uf ° nic a«d is 

used as sodium hyaluronate to provide suitable water solubility. 

f ' n ,i ha aque0us 9el ,ormu,ations for topical or incisional wound healing, the polymer may be selected 
from the group consisting of vinyl polymers, polyoxyethylene-polyoxypropylene copolymers polysac- 

2TS P r0t ® l " S,p ° ly < e,hylene ox ' de >- acrylamide polymers and derivatives or salts thereof. It is under- 
stood th a t polyiethyleneoxide) includes polyethylene glycol. In the gel formulations for use in healing 

use7he no 9 nr?' Chamb6r ° f ,h9 ey ®' ,he polymers may b e the same except that it is not preferred to 
use the polyoxyethylene-polyoxypropylene copolymers or polyethylene oxide). Also, for anterior chamber 

can'hVn 7? PO ym8r b6 biodegradable - i e - it will break down into harmless constituents that 

uL 7 nnhthaf " ™' ab °" ze6 ,n the anterior chamber. In the low viscosity, aqueous formulations for 

JnZ T W ° U 7 9 ’ th8 961 f ° rming P ° iymerS may be ,he sam9 as topical or incisional 

wound healing, except that polyethylene oxide) is not preferred to be used 
The vin\/l nnlumare / -n Jo/“\ ^.,u.„»;* ^ t i 

. .. --««• wwi.iu.ou, pciyeuiyienesi useiui in the present invention may be 

selected from the group consisting of polyacrylic acid, polymethacry.ic acid, polyvinyl pyrrol,done and 
po yvinyl alcohol. The polysaccharides useful in the present invention may be selected from the group 
consisting of cellutose or cellulose derivatives, glycosam.noglycans, agar, pectin, alg.nic acid, dextran 
arch, and chitosan. Starch occurs in two forms, a-amylose and amylopectin. The more water soluble a- 
amylose is preferred. The glycosaminoglycans may be selected from the group consisting of hyaluronic 
acid chondroitm. chondro.tin-4-sulfate. chondroitin-6-sulfate. dermatan sulfate, keratan sulfate, heparan 
sulfate and heparin. The glycosaminoglycans may be used to enhance wound healing in combination with 
any other gel forming polymer. The proteins useful in the present invention may be selected from the qrouo 
consisting of collagen gelatin and fibronectin. The acrylamide polymers may be polyacrylamide or 
polymethacrylam.de polymers. Biocompatible polyacrylamide polymers are preferred. 

1 onn" t i h ? e nnn l nnn mUlati ? n ^ t0PiCa ‘ ° f indsional wound healin 9- lhe viscosity may be within the range 
1.000 -12.000.000 cps at room temperature. It is preferred that the viscosity range be 50.000 - 2 000 000 In 

one embodiment of the present invention, the topical gel formulation may comprise 0.01-5% by weight 
po yacry c acid having a molecular weight of about 450.000 - 4.000.000. In a preferred embodiment, the 
po yacryhc acid is present at 0.5-1.5% by weight and has a molecular weight of 2,000.000-4 000 000 The 
pH of the polyacrylic acid gel should be within the range 4.5-8 and more preferably in the range 6.5-7 5 
In another embodiment, the topical and incisional gel of the present invention may comprise 15-60% by 

77 °' c po,yoxye,hylene -P°' yp xypropylene block copolymer having an average molecular weight of 
about 500-50.000. In a preferred embodiment, the block copolymer is present at 15-40% by weight and has 
a molecufcr weight m the range 1.000-15.000. The block copolymers used in the present invention are 
commonly known as PluronicsTM. Preferred Pluronics are Pluronic F88 and FI27. 

!n a further embodiment, the topical or incisional gel may comprise 1 to 20% by weight of a cellulose 
" 9 3 m0l ° C Q U ' ar W0i9ht °' about 50,000 to y 00.000. In a preferred embodiment, the cellulose 

cell, iincn J S w 8 "' 31 2 ’ 8% by WeiQht and has a molecular weight in the range 80.000-240.000. Preferred 
cellulose derivatives are hydroxypropylmethyl cellulose (HPMC) and methyl cellulose (MC). 
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-In a further embodiment, the topical and incisional gel may comprise 0.5-10% by weight of hyaluronic 
acid having a molecular weight in the range 500.000 to 8,000.000. In a preferred embodiment, the 
hyaluronic acid is present at 1.5-6.0% by weight and the molecular weight is greater than 1,000,000. 

Acrylamide polymers may be useful for all types of wound healing, particularly in the anterior chamber 
5 of the eye. An absorbable acrylamide polymer, such as polyacrylamide, may be a good substitute for 
present carrier systems used in ophthalmic applications, such as hyaluronic acid. The acrylamide polymers 
may have a molecular weight in the range 1-13 million, preferably about 4-6 million. The weight percent of 
the acrylamide polymer in the gel may be 2-5%, preferably 3.5-4.5%. Substituted acrylamide polymers, 
such as methyl and alkyl substituted polymers are also within the scope of the present invention. 
io For use in the anterior chamber of the eye, an acrylamide gel delivery system has the following 
characteristics: any products of the dissolution or degradation of the delivery matrix are nontoxic and do not 
clog the trabecular mesh work: the gel is optically transparent; and the gel can be left in the anterior 
chamber without causing adverse clinical effects such as an unacceptable increase in occular pressure. 

It will be readily apparent to one skilled in the art that the desired viscosity range may be achieved by 
is varying the molecular weight and percent concentration of the polymer in the formulation. For example, a 
gel having a low viscosity may be achieved by using a low molecular weight of polymer or a lower percent 
concentration or a combination of the two. A high viscosity gel may be achieved by using a higher 
molecular weight polymer and a higher percent concentration. Intermediate viscosities may be achieved by 
varying the molecular weight and percent concentration accordingly. 

20 In those gel formulations requiring lower viscosities than the topical and incisional gels, namely the • 
formulation for use in healing wounds in the anterior chamber of the eye and the low viscosity solution for 
ophthalmic wound healing, the percent concentration of the polymer and its molecular weight may be varied 
to achieve the desired viscosity. For instance, an anterior chamber use, the gel may comprise a cellulose 
derivative that is 1-20% by weight and has a molecular weight in the range 80,000 to 240,000. The 
25 preferred range of concentration is 1-3%. In another embodiment for anterior chamber use the gel may 
comprise hyaluronic acid at a concentration of 0.5-5% by weight and a molecular weight of 500,000 - 
8.000,000. It is preferred that the hyaluronic acid be present at a concentration of 0.5 - 2.0% and the 
molecular weight be 2,000,000 - 4,000,000. The preferred viscosity range for anterior chamber use is 
10,000 - 100,000 cps. 

30 The low viscosity solution may comprise 0.01 - 2.0% by weight polyacrylic acid having a molecular 
weight of about 100,000 - 4.000,000. In a preferred embodiment, the polymer is present at 0.05 - 0.5%. In 
another embodiment, this dilute viscous solution may comprise 2 - 40% by weight of a polyoxyethylene- 
polyoxypropylene copolymer having an average molecular weight of 500 • 500.000. Preferably, the 
concentration is 2 - 20% and the molecular weight is 1.000-15.000. Alternatively, the dilute viscous solution 
35 may comprise a cellulose derivative at 1-20% and having a molecular weight of about 80.000 - 240,000. It is 
preferred that the concentration be in the range of 1-10%. In a further embodiment, the dilute viscous 
solution may comprise 0.5 - 5.0% by weight hyaluronic acid having a molecular weight of. about 500,000 - 
8,000.000. Preferably, the concentration is 0.5 -2.0% and the molecular weight is 1,000,000 - 6,000,000. If 
the dilute viscous solution is to be used as eye drops, it is preferred that the viscosity be in the range 1-100 
40 cps. If it is used for other applications, such as soaking a bandage, then any viscosity in the range 1.0-5,000 
will be suitable. 

The cellulose derivatives used in the gels of the present invention are capable of stabilizing the 
polypeptide growth factors, in particular EGF, against loss of biological activity in an aqueous solution. Use 
of cellulose derivatives to stabilize growth factors against loss of biological activity is described in U.S. 
45 Patent No. 4,717,717 and EP-A-0 267 015. The cellulose derivatives that are used in the present invention 
are water-soluble etherified cellulose derivatives such as alkyl cellulose, hydroxyalkyl celluloses and 
alkylhydroxyalkyl celluloses, for example methyl cellulose, hydroxyethyl cellulose, carboxymethyl cellulose, 
hydroxypropylmethyl cellulose and hydroxypropyi cellulose. Methyl cellulose and the hydroxyalkyl cellulose 
derivatives such as hydroxypropyi cellulose, hydroxyethyl cellulose and hydroxypropylmethyl cellulose are 
so preferred. 

The gels of the present invention may be lyophilized to provide a stable dosage form which can be 
reconstituted at the time of use. Lyophilized gels containing growth factors are described in European 
application No. (ETH715), entitled "Stable Lyophilized Formulations containing Growth Factors", filed 
concurrently herewith. 

55 The gel formulations of the present invention may be used to coat fibers of an absorbent gauze 
dressing to form a wound healing bandage which may then be placed on a wound. The low viscosity 
formulation is preferred for this use. The wound healing bandage may be prepared by soaking a gauze 
dressing with an aqueous gel solution containing a human polypeptide growth factor having mitogenic 
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activity. The bandage can then be applied to the wound so that the coated fibers of the gauze contacts the 
wound and stimulate cell growth to increase the rate of wound healing. 

The gels of the present invention are useful in eye drop formulations, ophthalmic irrigating solutions 
sa ves or wound healing and the like. Wounds that may be healed using the compositions of the present 
invention are those which result from any accidental or medical injury which causes epithelial damage such 
as ophthalmic wounds, which result from corneal ulcers, radiokeratotomy. corneal transplants epi- 
keratophakia and other surgically induced wounds in the eye; and cutaneous wounds such as burn wounds 
incisional wounds, donor site wounds from skin transplants, and ulcers (cutaneous, decubitis. venous stasis 
and diabetic). As used herein, ophthalmic wound healing includes anterior chamber wound healing as well 
as subconjunctival wound healing. The gels of the present invention may also be used for healing internal 
incisions as well as internal wounds such as gastric ulcers. 

In those applications where the gel is applied to an internal or incisional wound, it is preferred that the 
gel forming polymer be degradable. The naturally occurring polymers are generally degradable. Examples 
of these are collagen, the glycosaminoglycans. gelatin and starch. The cellulosics are not degradable. The 
synthetic polymers such as the vinyl polymers are not degradable. The biodegradability of the polymers 
described herein is well known to those skilled in the art. 

The following examples are presented to illustrate the subject invention. The invention is not be 
considered limited by these examples, but only by the appended claims. 


EXAMPLE 1 


Polyacrylic Acid Gels 


Polyacrylic acid gels (CarbopolTM) were prepared according to the present invention. Preferred grades 
of polyacrylic acid are those referred to as Carbopol 934 P and 940 at concentrations of 0.02 - 1.5%. Higher 
concentrations of polyacrylic acid lower the release rate of the EGF. Viscosities of polyacrylic acids are 
generally stable between pH 6-10, preferably in the pH range 6.5-7.S. 

^ The following ingredients were combined in a 4 liter beaker: 6.3g methyl paraben. 0.7g propylparaben 
and 177.5g mannitol in 3500 mi water. This solution was mixed with a paddle type mixer until the solids 
dissolved. Polyacrylic acid (I7.5g, Carbopol 940, BF Goodrich) was sieved through a 40 mesn screen into 
the solution while it was mixed at 1,000 rpm. This dispersed and swelled the polyacrylic acid particles. The 
solution was neutralized to pH 7.0 by the addition of 7.6 grams solid NaOH in 10% solution. A 900g portion 
of this gel was removed from the batch and autoclaved to provide a sterile gel. The remainder of the 
procedure was performed in a class 100 area. A stock solution of EGF at 1.18 milligrams/ml (12 ml) was 
filtered through a 0.22 micrometer filter into a sterile tube and the filter was washed with a 5 ml aliquot of 
water into the same tube. The contents of the tube were added to the gel by syringe. The gel was mixed 
thoroughly with a paddle type mixer to uniformly disperse the EGF. The gel was placed in an autoclaved 
pressure vessel. Nitrogen was used to force the gel to flow out of the pressure vessel into 10 ml syringes 
via a sterile piece of tubing. Samples were tested for activity, and shown to contain 15.6 micrograms of 
EGF/ml. The samples were free from microorganisms in a lOg sample. The viscosity of the gels prepared 
ranged from about 490,000 to about 520,000 cps. This gel formulation was used in a pig and guinea pig 
partial thickness skin excision model and the gel showed an enhanced rate and quality of wound healinq in 
these animals. 


EXAMPLE 2 


Pluronic Gel Formulations 


Polyoxyethylene-polyoxypropylene block copolymers (PluronicsTM) have great potential for use in 
topical drug delivery systems, since they exhibit reverse thermal gelation behavior and they have good drug 




release characteristics as well as low toxicity. Low molecular weight Pluronic polyols do not form gels at 
any concentration in water. Pluronic F-68 forms a gel at a minimum concentration of 50-60% at room 
temperature. Pluronic F-68 forms a gel at 40% at room temperature and Pluronic F-108 forms a gel at 30% 
concentration. Pluronic F-127 forms a gel at only 20% concentration in water at 25 *C. Pluronic gels of F- 
5 68, F-88. F-108 and F-127 may be used for controlled delivery of EGF for burns and other donor site 

dosage-forms. The gel should be isotonic and it is preferred that the pH be in the range 6-8, and more 
preferably 6.5-7.S. 

An interesting property of the Pluronic gels is their ability to gel as a function of temperature and 
polymer concentration. Gels are formed as the Pluronic solution is warmed. Thus, the gel is a low viscosity 
jo aqueous solution at room temperature, but when it contacts the human body and is warmed by body 
temperature the viscosity increases and the solution gels. EGF may be combined with, the Pluronic in the 
liquid state and applied to the wound. At this point, gelation would occur which would effectively reduce the 
rate of EGF released to the wound. This permits prolonged contact time between EGF and the epithelium of 
the wound. The gel could be applied as a liquid or in conjunction with a dressing (soaked in the liquid) to 
is give mechanical support. Advantages of using Pluronic gels include the availability of filtration methods for 
sterilization of these gels and the wound would be in prolonged contact with the EGF. 

A Pluronic F-127 gel containing EGF was prepared by mixing the following: l.8g sodium phosphate 
monohydrate. 5.48 g disodium phosphate heptahydrate and 40.9g mannitol were combined in 1,000 ml of 
distilled water. The pH was adjusted to 7.0 and the solution was cooled to 4*C. Pluronic F-127 (200g) 
20 (BASF) was added to the cooled solution gradually while mixing with a paddle type mixer. The solution was 
mixed for about 30 minutes and then placed at 4 C overnight. EGF in an aqueous solution may be added 
to the solution before the gel is made or may be mixed after dissolving the Pluronic F-127 in solution. To 
obtain an EGF concentration of 100 micrograms/ml. 1.812m! of an EGF solution (t.38mg/ml) was added to 
23.188g of 20% Pluronic F-127 gel. The solution is very liquid like. The viscosity of the solution increased 
25 as it was warmed to 35* C, as can be seen in Table 1. 

Table 1 


20 


35 


Additional Pluronic formulations were prepared which had viscosities of 1,000,000 to 12.000.000. The 
release kinetics of a formulation (11.5x10 s cps) was tested and it was noted that the 85% of the EGF was 
released from the formulation within one hour. 

45 EXAMPLE 3 


HPMC Gel Formulations 


Temperature 

*C 

Viscosity (cps, 
0.5 rpm) 

0-16 

Not detectable 

* r\ 

■ O 

a r\r\r\ 

t.uuu 

19 

250.000 

21 

500.000 

28 

655,000 

30 

685.000 

37 

650,000 


Several HPMC gels were prepared. The gels were made from very low molecular weight to high 
molecular weight HPMC. Preferably the molecular weight range is from 80.000 - 240,000. With very low 
molecular weight polymers (MethocelTM E15LV), as much as 10-20% HPMC is required to form a gel. For 
very high molecular weight polymers (MethocelTM K100M), gels can be. made from a 1-3% solution. Gels 
were made with different grades and different concentrations to study the release kinetics. The pH was 
adjusted to 7.2 for each gel. The rate of EGF release was proportional to the viscosity of the soluble gel. 
in a 1,500ml beaker were placed 0.83g sodium phosphate monohydrate, 7.24g disodium phosphate 
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"*> "*«»• "'as stirred magnetically ,„ 

30.0g of HPMC IMethocefm K100M; Dow) was added ttirounh Tin"^..* 3 "” 5 " > , 8 ° C Wl " le “""O antf 
heat and aimed * ,0 more mtnete, T ' he 

EOF wrth a paddle miser to obtain an EOF concentration of 104 micrograms/ml. ' 9 “ °" 

I he gels prepared had viscosities that ranqed from 54 000 tr> qqn non ~„c ,♦ 
release of the EGF from the various HPMC gel formulations prepared is set forth in Tab^ 2^^' ^ 


Table 2 


Sample 

Brookfield Viscosity 
(CPS) 

Release of EGF 

25’C 

37* C 

2085-91-1 E4M 4% 

112X10 3 

102X10 3 

75% in 5 hours 

2085-92-2 E4M 5% 

274X10 3 

300X10 3 

[ 75% in 5 hours 

2085-92-2 E4M 6% 

652X10 3 

946X10 3 

50% in 5 hours 

2085-91-2 F4M 4% 

112X10 3 

286X10 3 

75% in 5 hours 

2085-93 K15M 3% 

102X10 3 

70X10 3 

75% in 5 hours 

2085-91-3 K4M 4% 

92X10 3 
■- 

54X10 3 

75% in 5 hours 
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Hyaluronic Acid Gel Formulations 


35 


40 


45 


the rZ°o?a d dir,ra«e ££ ^ 

Brp r s =rrj; -c: :r riEE 

was 44 ooo cos An HA/EGF 1 c °"'; ent,a “ on ol 100 ""oogramsrml. The viscosity ol the t % HA solution 
onstrated^o stimulate reendotheliahstirniTn the^mwfor^hamber oTthe^ye. eSen * ^ *" — 
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EXAMPLE 5 


55 


Kinetics of Release of EGF from Oosage Forms 


The effectiveness of each dosage form to 
was evaluated and values for T 25 and T so 


sustain the release of EGF in an in vitro diffusion cell system 
were determined. EGF is released as a result of both the 
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diffusion of the EGF from the gel and the dissolution of the gel matrix. Taking these* two processes as the 
likely mechanisms by which EGF will be bioavailable in vivo. HPMC gels sustain the release of EGF with 
the highest values, with T 2S and T S o values of 1.2 and 5.9, respectively. Results indicated that the molecular 
structure of the polymer was more important than the concentration of the polymer in prolonging T values 
5 Gels that were made in salt free media (distilled water) and studied under standing conditions yielded low T 
vaiues: This may be a result of a combination of faster dissolution and lower viscosity of salt-free gels 
Therefore, it is preferred that the gels of the present invention not be salt-free. It is envisioned that the T 
values for the gels of the present invention may be increased by modifying the polymer such as by 
introduction of hydrophobic or hydrophilic side chains, ion pair groups, metal ions, cross-linking agents, 
io affinity groups for EGF to control the release of EGF from the resulting product form. 

Table 3 summarizes the kinetic data of the release of EGF from dosage forms. Referring to the Table, 
the different letters following HPMC refer to the percent substitution in the polymer. For example, K = 2208 
or 22% methylated and 8% hydroxy-propyl substituted; F = 2906; and E = 2910. The numerical value 
following the letter (i.e., the number 100 following the K) refers to the viscosity of a 2% solution in water in 
rs thousands cps. AQ refers to gels made in salt-free solution. All other gels were made in phosphate buffered 
sasine (PBS) at a pH of approximately 7,0. T values are in hours. Figure 1 graphically depicts some of the 
data of Table 3. 
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Summary of Kinetic Data of the Release of EGF from Dosage Forms 

Polymer 


Viscosity (cps) 

t 2S 

Tso 

HPMC E-4M (mw 

86.000) 

5AQ% 

6AQ% 

240x10 3 

680x10 3 

0.3211 

0.6944 

1.6044 

3.0040 

Carbopol 934P (mw 3x10 6 ) 
Pluronic F-127 (mw 12.000) 

0.5% 

20% 

494x10 3 

1.1x10 s 

0.2727 

0.1936 

0.7300 

0.3548 


TABLE 3 


Summary of Kinetic Data of the Release of EGF from Dosage Forms 

Polymer 


Viscosity 

(cps) 

T 

' 25 

Tso 

HPMC 

1% 

- 

0.0854 

1.000 

K100M 

2% 

287x10 3 

0.4687 

1.9172 

(mw 

3.5% 

116x10 s 

1.2270 

5.8528 

240.000) 

4.0% 

- 

0.8536 

4.1386 


5.0% 

3.07x10 s 

0.8807 

3.5808 

HPMC K-15M (mw 

3% 

122x10 3 

0.857 

2.0635 

120.000) ' 

4AQ% 

33lx10 3 

0.2727 

1.6900 

HPMC K-4M (mw 86.000) 

4% 

96x10 3 

1.0476 

2.6349 

HPMC F-4M (mw 86^000) 

4% 

122xl0 3 

0.7619 

1.8730 

HPMC E-4M (mw 

4% 

128x10 3 

1.0159 

2.2657 

86.000) 

5% 

312x10 3 

0.8615 

1.8462 


Polyacrylamide Gel Formulations 
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Polyacrylamide/EGF gel formulations were prepared using the polyacrylamides Cyanamer™ n- 300 and 
CyanamerTU N-300 LMW (both commercially prepared by American, Cyanamid). The Cyanamer™ N-3M 

about iTmiHk!^ WS ' 9ht ° f 35001 5 ' 6 m,N, ° n a ° d th ® Cyanamer ™ N *300 LMW had a molecular weight of 

rn amid0 96 If °, f th9 • f0ll ° Win9 com P° sitions were Prepared by adding the polyacrylamide 
p y 0 the premixed salt solutions. These gels were then used for testing the release of EGF. 

TABLE 4 


Composition 

% Concentration by weight 

2085-140A 

2085-1408 

Cyanamer N-300 

4.0 


Cyanamer N-300 LMW 


4 0 

Sodium chloride 

0.049 

0.049 

Potassium chloride 

0.075 

0.075 

Calcium chloride 

0.048 

0.048 

Magnesium chloride 

0.080 

0.080 

Sodium acetate 

0.890 

0.890 

Sodium citrate dehydrate 

0.170 

0.170 

Sterile water 

94.688 

94.683 

Viscosity, cps. 

552X10 3 

132X10 3 


30 


35 


, 2 * | F rp'!°? S' PO'yacrylanmde gel of Cyanamer N-300 (2085- 140A). 72.4 microliters of a mixture of 

nlarJ? n tha ^ W8 ? and mixed ,n * wo 3 miililiter syringes. 300-400 milligrams of this gel was 

J ® ' th9 do " or Slde of a Fra nz diffusion cell. At predeterm,ned time intervals. 50 microliter aliquots of 
e receiving buffer was counted on a gamma counter. The receiving buffer consisted of 3 5 milliliters PBS 

r n H i/ 2 “rr BSA ,bovine «* °° 2% *•*«" ^ ^ 

, ° E( f_ re J eased ba * ed the total count added to the gel <see Figure 2). Similarly, to 1.11 grams of 
pviyacry ai iiu6 ge. o, cyanamer N-300 LMW (2085-1408). 44.5 microliters of a mixture of -l-EGF and 
EGF were added, and the release of EGF was examined (see Figure 2). 

Another polyacrylamide gel (2085-138C) was prepared having the following formulation. 


TABLE 5 


Composition 

2085-138C 

Cyanamer N-300 
Thimerosal 

Sterile water 

viscosity 

pH 

7.0 g 
0.2 g 
192.8 g 
258X10 3 

7.54 


50 


55 


tmn^ni 085 *. 1380 961 W3S USed t0 pr6par0 3 con,ainin 9 EGF * ’0 micrograms/ml. Five grams of the 
2085-138C gel was weighed into an 8 ml serum vial and 50 micrograms of 1 mg/ml EGF (protein assav 
1.41 mg/ml) was added. (protein assay 

EGF was coated onto a wound dressing and favorable release characteristics were obtained The 
wound dressing was a gel film made of polyacrylamide/agar (GelipermTM. Geistlich-Pharma; Wolhusen 
Switzerland.) The dressing was coated with EGF by soaking the dressing with an aqueous solution of EGF 

About 70% of the EGF was released from the dressing in about 24 hours. Figure 3 depicts the release of 
tOP from the dressing over time. 


The invention has been described herein with reference to certain preferred embodiments and 
examples It is readily apparent that obvious variations may appear to those skilled in the art. In particular 
one skilled <n the art may be able to vary the molecular weights and percent concentrations of the various 
polymers to achieve the desired viscosities. Also, one skilled in. the art may be able to substitute different 
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polymers or growth factors for those recited herein. Since obvious variations will appear to those skilled in 
the art, the invention is not to be considered limited thereto but only by the claims which follow. 


s Claims 


1. An aqueous gel formulation for topical and incisional wound healing, comprising: 

a) an effective wound healing amount of a polypeptide growth factor having human mitogenic or 
angiogenic activity: and 

iQ . b) a water soluble or water swellable, pharmaceutically acceptable polymer for providing viscosity 
within the range 1.000 to 12.000,000 cps at room temperature. 

2. An aqueous gel formulation for use in healing wounds in the anterior chamber of the eye, comprising- 

a) an effective wound healing amount of a polypeptide growth factor having human mitogenic or 

/5 angiogenic activity; and 

b) a water soluble or water swellable ophthalmically compatible polymer for providing viscosity within 
the range 10.000 to 100.000 cps at room temperature. 


3. An aqueous formulation, comprising: 

a) an effective wound healing amount of a polypeptide growth factor having human mitogenic or 

angiogenic activity; and 

b) a water soluble or water swellable. pharmaceutically or ophthalmically compatible polymer for 
providing viscosity within the range 1 to 5.QQ0 cps at room temperature. 
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4. The formulation of any one of the claims 1 to 3 wherein the growth factor is epidermal growth factor, 
transforming growth factor-alpha, transforming growth factor-beta, basic fibroblast growth factor, acidic 
fibroblast growth factor, insulin like growth factor, platelet derived growth factor,- a biologically active 
fragments or a derivative thereof, or a mixture thereof. 


5. The formulation of claim 4, wherein the growth factor is epidermal growth factor. 

6 . The formulation of any one of claims 1 to 5 wherein the growth factor concentration is within the 
range of 0.01 to 1,000 micrograms/ml. 

1 . The formulation of claim 1 or claim 3 or any claim dependent thereon, wherein the polymer is a vinyl 
po.ymer, a pciyoxyethylene-polyoxypropyiene copolymer, a polysaccharide, a protein, a poly (ethylene 
oxide), an acrylamide polymer or a derivative or salt thereof. 

8 . The formulation of claim 7, wherein the vinyl polymer is polyacrylic acid, polymethacrylic acid, 
polyvinyl pyrrolidone or polyvinyl alcohol. 

9. The formulation of claim 2 or any claim dependent thereon, wherein the polymer is a polysaccharide, 
a protein, an acrylamide polymer, or a derivative or salt thereof. 


10. The formulation of claim 7 or claim 9, wherein the polysaccharide is a cellulose derivative, a 
glycosaminoglycan, agar, alginic acid, dextran, starch or chitosan. 

11 . The formulation of claim 10, wherein the glycosaminoglycan is hyaluronic acid, chondroitin, 
chondroitin-4-suifate, chondroitin-6-sulfate, dermatan sulfate, keratan sulfate, heparan sulfate or heparin. 

12. The formulation of claim 7 or claim 9, wherein the protein is collagen, gelatin or fibronectin. 

13. The formulation of claim 7 or claim 9, wherein the acrylamide polymer is polyacrylamide or 
polymethacryiamide. 


14. The formulation of claim 1. wherein the polymer is 0.01-5% by weight polyacrylic acid having a 
molecular weight of about 450.000 to 4,000,000. 

15. The formulation of claim 1, wherein the polymer is 15-60% by weight of a polyoxyethylene- 
polyoxypropylene block copolymer having an average molecular weight of about 500 to 50,000. 

16. The formulation of claim 1, wherein the polymer is 1-20% by weight of a cellulose derivative having 
a molecular weight of about 50,000 to 700,000. 

17. The formulation of claim 1, wherein the polymer is 0.5 to 10% by weight of hyaluronic acid having a 
molecular weight of about 500.000 to 8,000.000. 

18. The formulation of claim 2. wherein the polymer is 1-20% by weight of a cellulose derivative having 
a molecular weight of about 50.000 to 700.000. 

19. The formulation of claim 2 or claim 3. wherein the polymer is 0.5-5.0% by weight of hyaluronic acid 
having a molecular weight of about 50.000 to 8.000.000. 
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20 . The formulation of claim 3. wherein the polymer is 0.01-2.0% by weight polyacrylic acid havino a - 
molecular weight of about 100,000 to 4,000,000. 

21. The formulation of claim 3. wherein the polymer is 2-40% by weight of a polyoxyethylene- 
polyoxypropylene block copolymer having an average molecular weight of about 500 to 500,000. 

5 22. The formulation of claim 3, wherein the polymer is 1-20% by weight of a cellulose derivative havino 

a molecular weight of about 80.000 to 240,000. 

23. The formulation of any one of claims 1 to 22 in combination with a compliant porous or microporous 
substrate. 
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figure 1 


RELEASE OF EGF FROM GELS: 
CARB0P0L-940; PLURONIC F-127; HPMC-E4M 
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